The structural analysis and magnetic investigation Mn 1 À x Zn x Fe 2 O 4 with stoichiometry (x ¼ 0, 0.1, 0.3, 0.5, 0.7, 0.9 and 1.0) were synthesized by solution combustion method using mixture of fuel this is first of its kind. As synthesized Mn-Zn nanoferrites were characterized by X-ray Diffractometer (XRD), Transmission electron microscopy (TEM) at room temperature. The magnetic domain relaxation was investigated by inductance spectroscopy (IS) and the observed magnetic domain relaxation frequency (f r ) was increased with the increase in grain size. The Room temperature magnetic properties were studied using vibrating sample magnetometer (VSM). It was observed that the real and imaginary part of permeability (μ′ and μ″), saturation magnetization (M s ), remanance magnetization (M r ) and magneton number (M r /M s ) were decreases gradually with increasing Zn 2 þ concentration. The decrease in the saturation magnetization may be explained as, the Zn 2 þ concentration increases the relative number of ferric ions on the A sites diminishes and this reduces the A-B interaction. Hence synthesized materials are good for high frequency applications.
Introduction
Ferrimagnetic materials mainly composed of iron oxide called ferrites. Ferrites having a spinel cubic structure and the general formula is AB 2 O 4 , where A is a divalent metal ion(Mn 2 þ , Zn 2 þ , Ni 2 þ , Cu 2 þ , Mg 2 þ ) and B is the trivalent metal ions (Fe 3 þ , Cr 3 þ , Sc 3 þ , Sm 3 þ , Gd 3 þ ). The spinel configuration is based on a face centered cubic (fcc) lattice of oxygen ions, forming tetrahedral (A) and octahedral (B) sites that may be occupied either by A and/ or B site. In normal, the transition metal ion having valency 2 þ occupy the tetrahedral sites and transition or rare earth ions having valency 3 þ occupy the octahedral sites. If divalent metal ions occupy the octahedral sites and trivalent ions are distributed among tetra and octahedral sites. Based on the occupancy of the metal ions the ferrite materials exhibit excellent properties such as structural, electrical and magnetic properties. Among all the ferrites Mn-Zn ferrites possess excellent properties because they having high electrical resistivity, high saturation magnetization, high permeability and low power loss hence they are attracted to high frequency applications [1] [2] [3] . The Mn-Zn ferrites are magnetic oxide materials with semiconducting nature which are of great technological importance. The general important application of Mn-Zn ferrite materials used in transformer cores, antenna rods, memory chips, high density magnetic recording media, permanent magnets, transducers, activators microwave and computer technology etc. [4] [5] [6] . Furthermore, researchers using several methods to synthesis nanoferrites such as ball milling method [7] , co precipitation method [8] , hydrothermal method [9] and auto combustion method [10, 11] . However Among these methods, the solution combustion method is a facile approach with great economic and technical advantages to obtain highly crystalline nanoparticles [7] . In the present investigation we adopt solution combustion method to synthesize Mn-Zn nanoferrite particles using urea and glucose as a mixed fuels. The first time Mn-Zn ferrites were synthesized solution combustion method using mixture of fuel. Furthermore, the substitution of Zn 2 þ at A-site
Experimental
The O 6 ] as a fuels. The Stiochiometric compositions of metal nitrates and fuels were evaluated based on the total oxidizing and reducing valences of the components and the oxidizer to fuel ratio was taken as 1: (60:40). All the metal nitrates and fuels were diluted with 30 ml double distilled water and thoroughly mixed with the help of magnetic stirrer with the speed of 800 rpm for one hour until the reactants were dissolved completely to get homogenous solution. This homogeneous solution containing redox mixture was taken in a Pyrex dish and kept in a pre-heated muffle furnace maintained at 450 710°C.
In the combustion synthesis, besides the target product (MnZn ferrite), gases in the most stable form, i.e., CO 2 Initially, the solution boils then froths and ignites to yield fine powder of Mn-Zn rapidly because these are exothermic. The whole combustion process was complete in less than 20 min, whereas the reaction time of the actual ignition was less than 5 s. The formation of Mn-Zn ferrite was possible due to the gas phase reaction between decomposition products of metal nitrates (nitrogen oxides) and fuels. The obtained powder was pressed in to the cylindrical pellets by applying the pressure of 5-ton/cm 2 for 5 min and sintered at 1000°C/2 h in muffle furnace. The sintered pellet were characterized by X-ray Diffractometer with CuK α radiation (λ¼ 0.154056 nm). Transition electron microscopy (TEM) and magnetization was carried out by vibrating sample magnetometer (VSM) mounted on an electromagnet with a bipolar source of maximum applied field of 1.5 T at room temperature. Fig. 1 shows the room temperature X-ray diffraction patterns of all the samples of Mn 1 À x Zn x Fe 2 O 4 nanoferrites and it confirms the spinal cubic structure with space group Fd3m (Oh7) for all the composition. The broad diffraction peaks indicates that the ferrite particles are of Nano-sized. It is also observed that the presences of secondary phases in the XRD pattern of some compositions (M3, M4, M5, and M6) of the 2θ is around 34°is identified as α-Fe 2 O 3 and the amount of this phase is found to be very small and it has no effect on the electrical and magnetic properties of present ferrites [12] . The average crystallite size of the each composition was calculated from the line width of the (3 1 1) peak of XRD pattern using the Scherrer formula [12] .
Results and discussion

Structural analysis
where 't' is crystallite size, 'λ' is wavelength of X-ray radiation, 'θ' is Bragg's angle, is full width at halfmaximum. The structural parameters such as average crystallite size, cell volume and lattice parameter are varies with Zn 2 þ concentration increases. The average particle size of all the composition varies in the range of 25-35 nm. The lattice parameter and cell volume is decrease with increasing Zn 2 þ content. The decrease of lattice parameter and cell volume is due to the larger ionic radius Mn 2 þ ions ( $ 0.091 nm)
replaced by smaller ionic radius of Zn 2 þ ions ( $ 0.082 nm) [13] .
The value of lattice parameter and cell volume is listed in Table 1 .
The distances between the magnetic ions at tetrahedral (A) and octahedral (B) sites were calculated by using the following equation.
The variation of hopping length of tetrahedral site (L A ) and octahedral site (L B ) is as shown in the Fig. 2(a) and (b) . Both the hopping length of L A and L B decreases with increasing Zn concentration. This may be cause of due to the decreases in lattice parameter of all the samples of increasing Zn 2 þ concentration. Fig. 3(a) and (b) illustrates the TEM images of samples of composition x ¼0.0, 0.3. The particle sizes were analyzed using ImageJ1.46r software. The images show cubic particles with less regularity in size and shape. The particles are agglomerated due to their slow growth of particles during the preparation method [14] . The estimated average size of the particle was about 25-35 nm. The particle size obtained from Transmission electron microscopies are in agreements with the average crystallite size calculated by Scherer formula using XRD data. Fig. 3(c) shows a selected area electronic diffraction (SAED) pattern of Mn 0.5 Zn 0.5 Fe 2 O 4 .The Electron Diffraction pattern consists of concentric rings with spots over the rings, this feature indicates that the samples are in crystalline in nature. Fig. 4 shows the magnetic hysteresis curves of the samples investigated at room temperature. It very narrow hysteresis loops were observed and hence synthesized materials are soft magnetic material. This feature of Mn-Zn ferrites indicates that presence of superparamagnetic and single-domain particles for each of these ferrites [15] . From Table 1 , it is found that the values of saturation magnetization (M S ), remnant magnetization (M r ), remnant ratio (M r /M s ), coercivity (H c ) and magneton number (n B ) are found to be decreasing with increasing in Zn 2 þ concentration. According to
Transition electron microscopy
Magnetic properties
Neel's two sub-lattice model of ferrimagnetism, the net moment is given by the formula μth¼M B (x) À M A (x), where M A and M B are the A and B sub-lattice magnetic moments [16] . The existence of random canting of particle surface spins; surface effects and the occurrence of a glassy state have been reported to be playing an active role in the decline of magnetization values [17] . As the zinc concentration increases, Fe 3 þ ions migrate from octahedral (B site)
to tetrahedral (A site) and Mn 2 þ concentration decreases from both tetrahedral (A site) and octahedral (A site). Therefore, the magnetization of the B-site decreases while that of A-site increases the results in decrease in net magnetization 
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In case of ferrite nanoparticles of the series Mn 1 À x Zn x Fe 2 O 4 were found to be showing reduced magnetization [18] . The respective reduction in magnetization may be due to a rearrangement of cations because of the changed preferential occupancy in the case of nanosized ferrites that is a change in distribution of Mn 2 þ and Zn 2 þ on the two sites. Zinc ferrite is a normal spinel and has no magnetic moment. Manganese ferrite is an inverse spinel and consequently, the two magnetic sub lattices are antiferromagnetically aligned. When the nonmagnetic zinc ion is substituted for manganese ferrite lattice, it has stronger preference for the tetrahedral site (A-site) than does the ferric ion and thus reduces the amount of Fe 3 þ ions on the A-site. Because of the antiferromagnetic coupling, the result is an increase in magnetic moment on the octahedral site (B-site) and an increase in the saturation magnetization [19] . However, the lower magnitudes of magnetization and occurrence of a net magnetic moment of the order of 10. pairs in the B lattice reduces the net magnetic moment of the octahedral lattice, which will create a decline in the net magnetization. The presence of Mn 3 þ and Fe 2 þ in octahedral site leads to Jahn-Teller distortion which affects the magnetic properties in manganese containing ferrite [20] . In ferrites, the coercive force is obtained by the reversal of directions of the wall movement and that of domain rotation by reversing the direction of the applied magnetic field. Generally, the effective pinning for domain wall causes the coercivity, it is known that the larger grain size decreases H C . In the present investigation, the coercive values are low hence probability of domain rotation is also lower. The materials with larger grain size have been used to achieve lower core loss [21] . With increase of Zn 2 þ content, the coercivity of all the samples were as small as $ 0.0165 73 T, which indicates the super paramagnetic nature of the particles in the compositions
The real and imaginary parts permeability (μ′ and μ″) represents the storage capability and loss of magnetic energy [22] is as shown in Fig. 5(a) and (b) . In general, the performance of MnZn ferrites can be estimated from the studies of frequency dependent on permeability. From the figure, the real part of permeability is found to remain constant up to 100 MHz and then rise to a maximum before falling rapidly to low values due to ferromagnetic resonance. The flat region up to where it starts decreasing rapidly indicates the compositional dependence quality of ferrites [23] . For the use of Mn-Zn ferrites in broadband and pulse transformers and wide band read/write heads for high definition video recording devices, the real part permeability should remain fairly constant over certain frequency ranges. The maximum of real part of permeability was obtained around 800 MHz. The negative values beyond resonance indicate that the relaxation effect which is not pronounced over such frequencies [24] . The dispersion of real permeability at low frequency is attributed to the domain wall displacement. The absorption at highest frequency is attributed to the rotational resonance of domains in the combined anisotropy and demagnetizing fields [25] . Real part of permeability is dependent on many parameters such as stoichiometry, grain structure, composition, impurity contents, saturation magnetization, magnetostriction, crystal anisotropy and porosity [26] . Higher permeability's are favored by large grain size, high saturation magnetization, low porosity, low crystal anisotropy, low magnetostriction and high purity of the material, in particular for small grain sizes; the real permeability depends on grain size [27] Frequency dependence of imaginary part of permeability (μ″) shows that the values of μ″ for all the ferrites are gradually increased with frequency and shows a maximum at a certain frequency. This feature is well known as natural resonance [28, 29] . The permeability of ferrite is correlated to two different magnetizing mechanisms: spin rotation and domain wall motion [30] [31] [32] . The decreased value of μ″ at lower frequency and constant at higher frequency upto 300 MHz is may be due to the contribution of domain wall motion. The compositional dependence of real and imaginary part of permeability, at selected frequency at room temperature is shown in Fig. 6 (a) and (b). It could be seen that μ′ and μ″ sharply are found to increase, attain maxima with further increase in frequency and decreases with zinc content due to disappearance of pores due to the densification leads to increase of μ′ for the present ferrites.
Conclusions
Nanocrystalline Mn-Zn ferrites were successfully synthesized by solution combustion method using mixture of fuels (urea and glucose). The effect of Zinc substitution on structural and magnetic properties of Mn-Zn ferrites have been studied at room temperature. The X-ray Diffractometer reveals the formation of spinal cubic structure with an average crystallite size 25-30 nm. The TEM image confirms the synthesized powder are in nanosize from the VSM we observed saturation magnetization, remanance magnetization and magneton number is decreases gradually with increasing Zn 2 þ concentration. The small values of remanance ratio and magneton number suggest the existence of multi domain particles in the samples. The small values of coercivity indicate that the synthesized ferrites can be used low and high frequency applications. 
